During respiratory cycles, respiratory epithelium of conducting airways and peripheral alveoli are repeatedly exposed to airborne particles and microorganisms from the external environment. Innate defenses and the acquired immune system protect the lung from microorganisms in part mediated and regulated by the production of proinflammatory cytokines, chemokines and growth factors (4 The JAKs/STATs pathway was originally discovered through the study of interferon induced intracellular signal transduction (7, 8) . Subsequent studies showed that they are activated in response to many different cytokines and growth factors (9) . Upon Expression of the SP-B gene is highly tissue-specific, restricted to respiratory alveolar type II epithelial cells and non-ciliated bronchiolar epithelial cells (Clara cells).
6 factor 3 (HNF3) (11) . The region located between -500 to -331 bp contains TTF-1 and retinoic acid response element (RARE) sites mediating retinoic acid (RA) action (14) .
RA receptors (RARs) and nuclear receptor co-activators (including p160 co-activators and CBP/p300) strongly stimulated expression of the hSP-B 500 luciferase reporter gene through RARE in the -500 to -331 bp region (14) . More importantly, RARE sites are overlapping with clustered TTF-1 binding sites. Mutations at clustered TTF-1 DNA binding sites abolished the RAR/nuclear receptor co-activator mediated RA action (14) .
TTF-1 is a homeodomain containing tissue specific transcription factor of Nkx2 family members that strongly stimulated hSP-B transcription (11, 12) . TTF-1 was only expressed in the lung, thyroid and part of forebrain (18, 19) . In the lung, TTF-1 was present at the earliest stages of differentiation of epithelium and was later confined to conducting airway epithelial cells and type II epithelial cells in alveoli (18, (20) (21) (22) .
Studies of the mammalian two-hybrid and GST-pull down systems indicated a direct interaction between RAR and TTF-1 (16) . Together, RAR, TTF-1 and nuclear receptor co-activators (p160 co-activators and CBP/p300) formed an enhanceosome in the hSP-B -500 to -331 bp region (14, 16, 20 
Materials and Methods

Construction of Plasmids
The plasmid constructs of hSP-B 500 bp, pG5LUC, pM RARα BD and pVP16 TTF-1 AD was made preveiously (14, 16) . pM STAT3 BD was made by subcloning the STAT3 cDNA into the pM BD vector (Clontech, CA) at the EcoR1/Xba1 sites following a procedure as previously described (14) . pVP16 STAT3 AD was made by subcloning STAT3 cDNA into the pVP-16 vector (Clontech, CA) at the EcoR1/Xba1 sites . Plasmid pM-53 BD and pVP16-CP AD were purchased from Clontech (CA).
Cell Culture
Human pulmonary adenocarcinoma cells (H441) were cultured in RPMI supplemented with 10% fetal calf serum, glutamine, and penicillin/streptomycin. Cells were maintained and passaged weekly at 37°C in 5% CO 2 /air. out from animals and were placed on dry ice immediately. Total RNAs were purified and RNA concentrations were determined. One µg of total RNA from each sample was subject to RT-PCR assay using a pair of primers corresponding to the SP-B coding regions described previously (15) . After gel electrophoresis, DNAs were transferred onto a nitrocellular membrane and were hybridized with the radio-labeled SP-B cDNA probe to confirm authentic PCR bands.
Results
JAK and STAT stimulation of hSP-B transcription
In order to understand the mechanism whereby cytokines regulate SP- Activator of thyroid and retinoic acid receptor (ACTR) was originally identified as a p160 nuclear receptor co-activator family member and contains intrinsic histone acetyltransferase activity required for chromatin remodeling during gene activation (27, 28) . When constructs pVP16 STAT3 AD and pM ACTR BD were co-transfected into H441 cells, only a modest interaction was observed. However, with treatment of IL-6 in the presence of IL-6R/hgp130 subunits, the interaction was greatly enhanced, Fig 7C. TTF-1, RARα and ACTR were part of enhanceosome formed on the hSP-B enhancer and all showed strong stimulatory effect on the hSP-B luciferase reporter gene previously (11, 12, 14, 16) . Therefore, synergistic stimulation of hSP-B 500 between RA and IL-6 or IL-11 signaling pathways was mediated at least partially through interactions between STAT3 and RAR enhanceosome proteins. (Fig. 7) . All these protein factors were required for RA stimulation of hSP-B transcription (14, 16, 20) . As reported previously, RA was a critical reagent for realveolarization following lung injury (29) .
STAT3 was originally identified as the acute phase response factor (APRF), which was an inducible DNA binding protein that bound to the IL-6 responsive element within the promoter of hepatic acute phase protein genes (24, 25) . Subsequent studies showed that STAT3 was mainly activated by IL-6 family cytokines (IL-6, IL-11, ciliary neurotrophic factor, oncostatin M and leukemia inhibitory factor) that share the common gp130 receptor subunit [for review, see (9, 26) ]. In H441 cells, both IL-6 and IL-11 stimulated hSP-B transcription when co-transfected with IL-6 or IL-11 receptors (Fig. 4) .
After isolation from in vivo physiological environment, H441 cells seem to loss expression of endogenous IL-6 or IL-11 receptors. Nevertheless, co-transfection of exogenous IL-6 or IL-11 receptors restored its ability to mediate IL-6 or IL-11 signaling.
In a similar situation, IL-5 receptor transfection into COS cells was required in order to observe IL-5 stimulatory effect (30) . In mice, intratracheal administration of IL-6 or IL- 
